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Recovery of Co and Li from spent lithium-ion batteries and
their comprehensive utilization

PAN Xiao-yong, PENG Ling, CHEN Wei-hua, WEI Ze-ping, LU Xiao, CHEN Zheng, WANG Jie

(Sichuan Changhong Electric Co., Ltd., Mianyang 621000, China)

Abstract: Cobalt oxalate and lithium carbonate were recovered from spent lithium-ion batteries via several processes,
including wet crushing and separation, leaching with the mixture of sulphuric acid and sodium thiosulfate, purification with
alkali and P204, and extraction separation with P507. The results show that about 97% (mass fraction) copper aluminum
mixture, organic membrane, lithium cobalt oxide and carbon powder mixture can be effectively separated by wet crushing
and separation. This process can also prevent the generation of hydrogen fluoride. Moreover, the optimal condition for the
process is as follows: 3 mol/L hydrogen ion and 0.25 mol/L sodium thiosulfate, ratio of liquid to solid 15:1 (ratio of liquid
volume to solid mass, mL/g), leaching temperature 90 “C, leaching time 2.5 h, extraction rates of cobalt and lithium over
97%. Subsequently, most impurities, such as nickel, copper and aluminum, can be removed by the following purification.
The final purities of cobalt oxalate and lithium carbonate reach 98.4% and 99.3%, respectively.
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Fig. 1 Schematic representation of crushing and separation

process and their yield ratios
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Fig. 2 SEM image of raw material
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Table 1 Contents of main metallic elements in raw material
(mass fraction, %)
Co Li Ni Cu Al
19.31 3.72 1.67 0.41 0.55
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1) 5% i)
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90 'C R M I] 2.5 h, 25 GmiA QR R AR B 0T il L 1
B RV R R, S5 3. &3 R,
MERARCER R AR BN 0 32 0.25 mol/L I, A1)
BTN T1%H0 88%3H 52 97%H11 98%, 4kLL3 N
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T8%H 75%. FHIREKY AR HE UL =M IE A e, &
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IR S A B T4 s O LRI, DAL, AR
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110
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Fig. 3 Effect of Na,S,0; concentration on leaching rates of
Co, Li, Cu, Al and Ni
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Fig. 4 Effect of H' concentration on leaching rates of Co, Li,
Cu, Al and Ni
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Fig. 5 Effect of ratio of liquid to solid on leaching rates of Co,
Li, Cu, Al and Ni
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Fig. 6 Effect of reaction temperature on leaching rates of Co,
Li, Cu, Al and Ni

22,5  JRJVIFADES . B AL ERRIER R AR I
PRI B FIRIE 4 mol/L. BifRERIRBAKIE 0.25
mol/L ¥HILE 15:1. [N 90 'C, H5 %5 I (]
XL B AR AREBNR R R, aRILIE 7.
7 2201, BNVBR 3R Y 3 B L I TR) FR) Sy i 2
BER, NI TR 0.5 h HEBNAS 3 h I, AR KR
#7353 th 84%A1 93% L T2 97%H1 99%; Hi A
5 AR S N IR T P A A 2R T K5 4 S NI TS i 0.5
h 5 ThiN, BRI RN 22905 52 38%, HIfER:
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Fig. 7 Effect of reaction time on leaching rates of Co, Li, Cu,
Al and Ni
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h i, BRHE AR AN R, 17 SR 2.5 h 3
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FERAER AT, R g TH VS SRR
IFHIFHE M T2 iR A s iR R SR 2
il

2.3.1

R2 ORI RN G ER HF
Table 2 Concentrations of metallic elements in leaching

solution and leaching rates of metallic elements

Composition  Concentration/(g'L ") Leaching rate/%
Co 27.25 98.52
Li 5.25 98.52
Ni 2.35 33.25
Al 0.78 43.27
Cu 0.57 49.86

K EEAEKS pH A2 5.0 o4, IR Gl
TR IBRAIR IR SN, (EAIE PRI 2 R, i
WBRAGTIE « AKARDTIE Y, BE 2 BRACHS / 4 45 A
B, DB RIHITBR A o S0 G R BERT BR A |
BRLOBRREL . BEURIIE, 4L 8.

K8 R, I 60 CTHE 80 CHE, i
KRB H 8%EE 1%, ARELTH iR, HKFET

8
100 -
L 16
S 90
2% 14 2
2 g
E 70r —
[
12
60
*—Cu
v—Ni
50 1 1 1 I 1 0

| 1
60 65 70 75 80 8 90
Temperature/C

B8 X AL Cu Ml Ni B3 K& Co Al Li #1K A1) 0
Fig. 8 Effect of temperature on removing rates of Al, Cu and

Ni and loss rates of Co and Li
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Beoe A bR, RIS, BRI LB R YRR AE 82%.
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54%, RELFFERSE, WH 2R, 2 90 CHY,
LB 91% o 152 H W P 15 A Iok St RO PR R £ R R,
TEVE pH EIEFE T, S8 B T AN Be/K M A e,
e G BT RN A RITE, 7 AR BOIRDTIE e
M E s T, MBS A%, SR G % I8a . |
WO e AR R OR, LR 80 C btk
HURIE o FESRAESZAE N HITBR GBI F E SRR EE
B BR AU F W 3 ol

I P204 FRLLRARSEES, {E7% % P204 Sl i
AT LG, B KA L (1(0)/ V(A))-
JKAH pH AELRTAS EUR [ 5% 2% Jit 2 B 2 MRk [ S0 s
W BEA b, £33 P204 FRLERALI B ScAT: P204 b
TEAL AR RALE 1:9, (O)/I(A) 1:1. 7KAH pH 1H 2.0.
EALE 70% AHTA] 15 min. ARHUR S A48
BT WM 4 Py, i 4 mIAL & P204 HLRFR
B, WAHHENAHIAE, BIEAENGHUA, Ha

R3 BB EEIRE. SERARMBIRR
Table 3 Concentrations of metallic elements in solution of

purification, removing rates and loss rates of metallic elements

Concentration/  Removing

Composition 4 Loss rate/%
(gLl) rate/%
Co 26.90 - 1.28
Li 4.97 - 5.33
Ni 0.59 74.89 -
Al 0.14 82.05 -
Cu 0.17 70.18 -

R4 RO AR G IRE
Table 4 Concentrations of metallic elements in extract liquor

and raffinate

Concentration in Concentration in

Composition ] 4 4
extract liquor/(g-L ) raffinate/(g'L )
Co 6.59 20.31
Cu 0.17 0
Li 0.02 4.95
Al 0.13 0.01
Ni 0 0.59

FEAEAKAH, S 2> B AE KA, AR AR B e /KA. Tl
SRR, AR PTRCR AR T 99%.
232 AW EETAEE

W P507 FRGARI LN, %% P507. Rl AR
5 TBP BIMARILL. B, ACHMAH ARG, 7KAH
DH {FURIAS H IS [] 0] 2% 5 2 B 46 AV B (B e e (1) 5 v, 43
B P507 B A e A4 P507. Rstfb f it 5 TBP
PIAERRLE 2.5:7:0.5. 2403 70%. AKAHMAHLE 1:24
JKAH pH AE 3.5+ ZXHUF1A] 10 min, ARHUR 5 A4
G IBIRIEWR 5 Fid.

TS5BS ARBT e mIRE
Table 5 Concentrations of metallic elements in extract liquor

and raffinate

Concentration in Concentration in

Composition ] 4 4
extract liquor/(g-L ) raffinate/(g'L )
Co 15.26 5.05
Li 0.23 4.72
Ni 0.05 0.54

233 BIREL R IR AL %

28 P507 AN, AR 3% 5 R 7 X
A, 40 CLRR, BLFE. 2040, 98, ¥E%, 80 CHET,
TR, , B RICR =T 99%. FIH XRD X
PR B AR BAT A M, S5 5w 9 Bros. WAl
SR DR RIRBE, JEACPNT, TR, S5
R 4F. SEM 3 #rM, HOMERRG: i, HIRILG™
Wikl 10 Pros. 20K, FRRETAERE R 98.4%.

WA RWINIAE 95 °C, IMANEFNGR RN IR, =
I 10 min, EHGLIE. JKPE. BETHA R A K,
BRICR E T 98%. FIH XRD X {5 FREL R A 1t

*—(C0C,0,2H,0

15 25 35 45 55 65 75
20/(°)

9 HRHL XRD
Fig. 9 XRD pattern of cobalt oxalate
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Fig. 10 SEM image of cobalt oxalate

»—Li,CO,

15 25 35 45 55 65 75
20/(°)

11 BRIREEY XRD %
Fig. 11 XRD pattern of lithium carbonate

[~

12 KRB SEM 5
Fig. 12 SEM image of lithium carbonate

3 Zig

1) SHBLBRIE SRR 4B AR B4 HE 4 97%

B BRSNS A ORI ORI, R
R RR-BRACHR RR A 7 Bl . B . e,
I OB RN S RRR) o

2) RO R A R s AR A AT T
B FIREE 3 mol/L. FACER B E 0.25 mol/L. ¥
[ LG 15:1. VR EE 90 “Cy RMNVINA] 2.5 he JHH4AL:
ETRB R ST 97%.

3) LEAHIEEL . BERIOR AR BRAOR, Rtk
DURERR ARy 80 °C, pHAE AN 5.0; FHiEL P204 =
WARIRAY, P5S07 =AM BEEFIRE, FIRRIT R
R TR AN 98.4%; R AN AN LR
ISR AL RE N 99.3%. LRGP KE, ik
KT 95%, BERIFEICE ST 90%.
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